Woodwaste produces large volumes of leachate, which often contains high concentrations of phenolic compounds. These compounds are environmental contaminants whose proper management and treatment are mandated to reduce associated environmental impacts. Quality diagnostic and treatment efficiency assessments necessitate the development of rapid, accurate, and reproducible methods of detection and analysis to accurately quantify phenolic compounds.
INTRODUCTION
In Quebec, manufacturing operations that process raw wood, such as sawmills, pulp and paper mills, and furniture manufacturers generate considerable quantities of wood residues: bark, sawdust, shavings, and wood chips. The amount of wood residues produced each year is evaluated ), but direct analysis by GC is difficult and needs the development and improvement of laborious new techniques to achieve similar accuracy, precision and robustness as LC methods, as in the study realised by Moldoveanu and Kiser in . Due to polarity, adsorption problems, and the thermosensitivity of phenolic compounds, these compounds have to be derivatized before analysis by GC. The structure of some compounds can be modified and then the quantification is not precise when using the simple methods. LC is useful for the separation and quantification of phenolic compounds and is widely accepted as the method of choice; there are no derivatization requirements and it appears to be the best alternative to GC for phenols analysis (Miyauchi et al. Because of the difficulties of analysing phenols in complex matrices, the limit of quantification and the need to determine these compounds at low concentrations, a sample preparation step is required. Liquid-liquid extraction (LLE) is still used as a pre-concentration step in standard and official methods to analyse phenols in water by gas chromatography and mass spectroscopy detection (GC/ MS). Nevertheless, many studies showed the use of solidphase extraction (SPE) and solid-phase microextraction (SPME) for the pre-concentration, isolation, and clean-up of phenols from water samples due to their advantages including good recoveries and detection limits (Rodriguez . However, to the best of our knowledge, the quantitative determination of phenols in woodwaste leachate using SPE followed by LC-UV analysis has not been reported.
This study developed an LC-UV method for the simultaneous determination of eight phenolic compounds using SPE. The method was validated in simulated leachate, and applied for the separation and quantification of eight major phenolic compounds present in woodwaste leachate from Quebec City area and included on the list of dangerous phenols.
MATERIAL AND METHODS

Reagents
The following phenols were of analytical grade and were purchased from Sigma-Aldrich (Sigma-Aldrich Canada, After the review of these studies, the following protocol was established, studied and optimized using an experimental design with Statistica 12 for 50, 100 and 250 ml as sample volume and the three proposed method treatments.
The suggested procedure was then applied to quantify the studied compounds in the woodwaste leachate.
Simulated leachate
The SPE protocol was established on the simulated leachate, studied and adapted to real woodwaste leachate. Simulated leachate samples (50-250 ml) previously acidified to pH ¼ 1.8-2 were loaded on the Oasis HLB (60 mg) cartridges, which were first conditioned with 2 ml of methanol and 2 ml of water. Cartridges were then washed with 2 ml of methanol 5% in water or 5% hydrochloric acid (1 M) in water and 2 ml of water. Retained phenolic compounds were eluted with 3 ml of methanol 100% (first elution: 2 ml of methanol; second elution: 1 ml of methanol).
Solid-phase extracts were evaporated to 0.2 ml using a Kuderna Danish evaporator (Kimble Kontes, USA) and a RE 47 rotary vacuum evaporator. Concentrated extracts were then reconstituted in 1 ml mobile phase LC analysis (initial composition).
Real woodwaste leachate
The method was applied to the real woodwaste leachate collected from a sawmill site in the Quebec City area and characterized. Leachate samples (50-100 ml) previously filtered and acidified to pH ¼ 1.8-2 were extracted using the protocol developed for the above simulated leachate extraction, and solid-phase extracts were evaporated in a rotary evaporator.
Suggested procedure
The following suggested procedure for SPE was retained after the protocol study described in the 'Results and discussion' section.
Standards preparation
Considering the risk of phenolic compounds oxidation, and because they are strongly hygroscopic pure chemicals, the standards were prepared in an inert atmosphere in a glove bag. 
RESULTS AND DISCUSSION
Method development
SPE protocol optimization
Simulated leachate. Experiments were carried out to test the analysis procedure and to evaluate the sample volume to be treated. Water samples (250, 100 and 50 ml of simulated leachate at 1 μg mL À1 ) previously acidified to pH ¼ 1.8-2 were applied to the Oasis HLB cartridges previously conditioned with 2 ml of methanol and 2 ml of water. The cartridges were then washed with 2 ml of methanol (5%) and 2 ml of water and eluted. Solid-phase extracts were evaporated to 0.2 ml using a Kuderna Danish evaporator and a RE 47 rotary vacuum evaporator. The results obtained (Table 1) show a low recovery for phenol when a 250 ml sample volume was applied to the cartridge. The analysis of phenols in the effluent which crossed the cartridge (water wash) was done to verify the quantification of the method by the weight balance. The results confirmed the presence of phenolic compounds at low concentrations or in traces when a 250 ml sample was applied to the cartridge.
The losses for phenol in the effluent were estimated at 7.83 and 0.28% for 4-nitrophenol. The losses in trace quantities were given for the other compounds, except 2,4-dimethylphenol, for which no signal was detected. For 100 and 50 ml losses are also considerable with Kuderna Danish evaporation.
The presence of phenols in the effluent confirmed that the sample volume applied was higher than the cartridge retention capacity. On the other hand, the weight balance verification showed that concentrations of phenols found in the effluent did not compensate all losses. A considerable quantity of phenol was probably lost during collected extract The effluent analysis in these conditions shows an absence of phenolic compounds.
To improve the procedure, another washing mode was applied. Samples (50 and 100 ml of simulated leachate at 1 μg mL À1 ) were extracted according to the proposed protocol except that in this case, cartridges were washed with 2 ml of 5% hydrochloric acid (1 M) in water and 2 ml of water. Extracts were concentrated by vacuum evaporation.
Results (Table 1) show that best recoveries (varying from 93.5 to 112.8%) were obtained when a 50 ml sample was applied to the cartridge. This could be explained by the retention of a considerable quantity of phenolic compounds by the sorbent when a sample volume of 100 ml is applied.
The solvent amount used for elution was probably insufficient in this case. This was confirmed by the corresponding effluent analysis which shows an absence of phenolic compounds, except for phenol, which was present in traces.
Real woodwaste leachate. The proposed method was applied to quantify phenols in spiked real woodwaste leachate by addition of 1 μg mL À1 of synthetic phenols and (1): Cartridges were washed with 5% methanol in water and water.
(2): Cartridges were washed with 5% hydrochloric acid (1 M) solution and water.
in real woodwaste leachate (collected from a sawmill site in the Quebec City area). The same sample volumes were tested (50 and 100 ml) and the two washing methods were used. The best recoveries were obtained when the volume applied to the cartridge was 50 ml and when 5% hydrochloric acid (1 M) in water was used for the washing step. This was confirmed by analysis of corresponding effluents in all cases. The two washing techniques gave clean samples and considerably reduced the matrix effect. However, washing with methanol decreases the recoveries because quantities of phenols were eluted and then were found in the effluent at low concentrations. For real woodwaste leachate, the mass balance established for the extract and effluent from 100 ml showed that when the low quantities of phenol and 2-chlorophenol found in the effluent were added to those in the extract, the result was similar to the concentration determined for the extract from 50 ml. This explains the low recoveries obtained for a sample volume of 100 ml. The presence of phenol and 2-chlorophenol in the effluent can also be explained by the relatively low recoveries compared to the other compounds. The behaviour of the concentrated real woodwaste leachate was similar to that of the simulated leachate at the same concentration. Figure 1 shows an example of a chromatogram obtained in the case of real leachate analysis. Phenols were found at concentrations varying between 0.38 μg mL À1 for phenol and 1.1 μg mL À1 for 2,4-dinitrophenol in real woodwaste leachate in winter 2006. 
Spectrophotometric analysis
A spectrophotometric analysis of standards in the range of 210-350 nm showed that all the studied phenols present a maximum absorption band at 280 nm. Phenol, o-cresol and p-cresol present a maximum absorption band at 280 nm and a minimal absorption band at 254 nm. Analyses were thus carried out at 254 and 280 nm.
LC analysis and UV detection optimization
Effect of detector parameters on peak response. Individual analyses of eight phenolic standards were performed at 254 and 280 nm to determine the retention times of the selected phenolic compounds at the studied conditions.
Detector parameters were optimized and the effect of sample concentration on chromatogram quality was studied (peak shape, tailing factor and noise level). The chromatogram obtained at 280 nm and Absorbance Units Full Scale (AUFS) ¼ 2 presents the best peak shape, tailing factor and Table 3 show the loss of the studied compounds after 2 and 5 days at 4 W C. It was observed that the mean of losses is higher at low concentrations (varying between 4.05% for phenol and 12.43% for p, m-cresol after 5 days at an initial concentration of 1 μg mL À1 ). For higher concentrations, losses varied in the range of 1.60% for phenol and 6.56% for p, m-cresol after 5 days for initial concentration of 15 μg mL À1 . It was also observed that the reduction in the concentration is more pronounced at the beginning and slower after 2 days. Phenol, o-cresol and 4-nitrophenol are more stable than the other studied compounds. These losses can be explained by the oxidation and the hydrolysis of a part of the phenolic compounds to phenolates and quinones.
A spectrophotometric analysis of target compounds, after 5 days, showed two maximum absorption bands, at 280 nm with high absorbance and 410 nm with low absorbance. These results confirm the oxidation and hydrolysis of part of the phenolic compounds to phenolate anions, which absorb in the range of 350-410 nm (Dupuis ).
Statistical analysis
Standards stability
The MIXED procedure was used for statistical data analysis.
Data of standards variation at different combinations of content and concentration levels at different times have been processed. Table 4 (partial SAS output) shows that all the parameter levels (compounds, concentration and time) have a significant difference. In addition, the model meets the criteria of normality. The Shapiro-Wilk test result (with UNIVARIATE procedure of SAS 9.1) shows that the W value is 0.979.
SPE protocol optimization
The data set recoveries obtained for all the compounds with different sample volumes and treatment methods have been analysed. Table 4 shows that all the parameters were significantly different. The model was also verified with the criteria of normality (Shapiro-Wilk statistic value is 0.982). samples and the parameters were tested. Table 5 shows that the standard deviation of the proposed method is lower than the acceptable value (5%) for the standard methods for all compounds. Detection limits ranged from 0.06 μg L À1 for 2-chlorophenol to 0.129 μg L À1 for Phenol. Good repeatability, varying between 1.5 and 3.1%, was obtained. The ratio of conformity which is a criterion of acceptability of the analysis procedure and validity of detection limit method determination was determined as R ¼ X=3s. In general, if the ratio R, used for detection limit verification is 4 < R < 10, the procedure used is adequate and the proposed method is deemed acceptable.
Comparative discussion
A new SPE-LC/UV method has been performed to quantify When the developed method is compared with a standard method used now for phenolic compounds quantification, it is more robust, rapid, safe and without derivatization and organic solvents. Table 6 summarizes the comparison s: standard deviation; DLM: detection limit of the method; QLM: quantification limit of the method; Rp: repeatability; R: ratio of conformity. The standard deviation was lower than the acceptable value (5%) for all compounds, and the ratio of conformity, which is a criterion of acceptability of the analysis methodology was 4 < R < 10. Phenols were found at concentrations ranging between 0.38 μg mL À1 (380 μg L À1 ) for phenol and 1.1 μg mL À1 (1,100 μg L À1 ) for 2,4-dinitro- 
